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The s ta te  of cell  r e sp i r a t i on  and oxidative phospheryla t ion  in the mi tochondr ia  of the gas t r i c  
mucosa  was studied at d i f ferent  phases  of gas t r i c  function. Stimulation of sec re t ion  by h is ta -  
mine  was shown to i n c r e a s e  the r a t e  of mi tochondr ia l  r e sp i r a t i on  while a t  the s a m e  t ime  con- 
s ide rab ly  reducing the coeff icients  of coupling, including P/O. The above changes in the degree  
of energy  coupling of the mi tochondr ia  of the pa r i e t a l  cel ls  p r eceded  act ivat ion of HC1 secre t ion .  
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The p r o c e s s  of generat ion of H + ions by the pa r i e t a l  cel ls  during hydrochlor ic  acid secre t ion  is c losely  
bound with mi tochondr ia l  oxidation reac t ions  [3, 6, 12]. Regulation of the degree  of coupling of oxidation and 
phosphoryla t ion is  a fac tor  in the intensif icat ion of ce l lu la r  act ivi ty  and it explains the phenomenon of "hyper -  
m e t a b o l i s m "  [7, 8, 10, 11]. 

This p a p e r  desc r ibes  the r e su l t s  of a study of the intensi ty of r e sp i r a t ion  and i ts  coupling with phospho-  
ry la t ion  reac t ions  in the mi tochondr ia  of the gas t r i c  mucosa  be fo r e  and a f te r  h i s tamine  s t imulat ion.  

E X P E R I M E N T A L  M E T H O D  

Mitochondria  of the gas t r i c  m ucos a  of the exper imen ta l  an imals  (albino rats)  were  i so la ted  by d i f feren-  
t ial  centr i fugat ion,  us ing the following isolat ion medium:  0.25 M suc rose ,  0.001 M EDTA, and 0.02 M Tr i s -HC1 
buffer ,  pH 7 4. The O 2 uptake of the mi tochondr ia  was r eco rded  po la rograph ica l ly  [5]. The composi t ion of the 
incubation med ium in the po la rograph ic  cel l  was as follows {in mM): sodium succinate  10, KC1 75, MgC12 5, 
KH2PO 4 20, EDTA 1, and T r i s - H C l b u f f e r ,  pH 7.4, 20. The following coupling coeff icients  were  c a l c u l a t e d :  the 
P / O  ra t io ,  the r e s p i r a t o r y  control  (RC) as  defined by chance, and the reac t ion  of the mi tochondr ia  to 2 ,4-dini-  
t rophenol  (DNP). The r a t e s  of 02 consumption (calculated p e r  10 mg mi tochondr ia l  protein) with the r e s p i r a -  
tion subs t ra t e  (V1) , in the p r e s e n c e  of ADP (V 3) as phosphate accep tor  and a f t e r  its exhaustion (V4) , and a f t e r  
the addition of DNP (VDN-P) were  de te rmined .  The ADP was added in a concentrat ion of 0.1 M, DNP f r o m  0.02 
to 0.04 mM, and h i s tamine  1 . 1 0  -5 and 1 �9 10 -4 M. In the exper imen t s  in vivo h is tamine  was injected subcutane-  
ously i n d o s e s  of 0.01 and 0.04 m g / k g .  Gas t r i c  juice was a sp i r a t ed  through a nasal  ga s t r i c  tube under  condi- 
t ions of basa l  sec re t ion  and a f t e r  h i s tamine  st imulat ion.  Phosphorus  was de te rmined  by the method of Lowry 
and Lopez in Skulachev's  modif icat ion [8] and pro te in  by Lowry ' s  method [15]. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

According to the r e su l t s  in Table  1, under  basa l  ga s t r i c  sec re t ion  conditions (without his tamine)  the P / O  
ra t io  was 1.77, evidence of a low level  of coupling of oxidation and phosphoryla t ion.  The same conclusion could 
be drawn f r o m  the ve ry  sl ight reac t ion  of the mi tochondr ia  through addition of ADP (V3) and DNP (VDNP). 
Stimulation of sec re t ion  by h i s tamine  m o r e  than quadrupled the ra te  of O 2 consumption and caused a definite de- 
c r e a s e  in the coupling coeff ic ients .  With such a high level  of r e sp i ra t ion ,  the dec r ea se  in the P / O  rat io  was 
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TABLE 1. Effect of His tamine  on In tens i ty  of Resp i ra t ion  and Degree  of Coupling with 
Phosphory la t ion  React ions  in Mitoehondr ia  in Biopsy Spec imens  of Gas t r i c  Mucosa (M • m) 

Experi- 
mental 
condi- 
tions 

Control Histamine (0.04 mg/kg, 6,44.4- 0,71 8,97.4-0,94 6,84.4- 0,76 

25,25~2,29" 12,03~ 1,II* t5,89.4- 1,76' 
subcu - 
taneous 
inject. ) 

*P < 0.05 compared  with control .  
Legend.  

O z utilized (in patoms/10 mg protein/min) Coefficient of coupling 

v~ r ~ p ~  ~ ~  W,~x-ff;u-~-. - -  I P~o 
ation phosphate of phosphate 

i ].. ~.. . . . .  aceeptor accep~or VDNP VdV~ VdV, VDN P IV= VDN P IV= 
i ~uu~L~L~ ADP ADP 

2 93 o o o81 o t20 0231 
20,13"4" 2,84" 0,7~ O, 18" 0,48~ 0,14"tl,66~ 0,12"t0,8 • 0,098"r, 84-=" 0 , 081 * 

Mean values  f rom 11 expe r imen t s  in control  and e xpe r i m e n t a l  s e r i e s .  
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Fig .  1. Effect  of h i s t amine  on in tens i ty  of ce l l  r e s p i r a t i o n  of mi tochondr ia  
of g a s t r i c  mueosa .  A b s c i s s a ,  concent ra t ions  and doses  of h i s tamine ;  o r d i -  
nate ,  r a t io  of V 2 ( ra te  of 02 u t i l iza t ion  a f t e r  t r e a tmen t  with his tamine)  to V 1 
( ra te  of oxygen u t i l i za t ion  in p r e s e n c e  of r e s p i r a t i o n  subs t r a t e ) ,  in %. 1) 
In tens i ty  of r e s p i r a t i o n  a f te r  in jec t ions  of h i s tamine ;  2) in tens i ty  of r e s p i r a -  
t ion a f t e r  d i r e c t  addit ion of h i s t amine  to incubation medium.  

50% of i ts  in i t i a l  value,  conf i rming the high degree  of ac t iva t ion  of f ree  oxidat ion.  To d i s cove r  the mechan i sms  
of the uncoupling effect  thus obse rved ,  the r a t e  of neu t ra l i za t ion  of 02 by the mi tochondr ia  was s tudied before  
and a f t e r  the act ion of h i s t amine ,  when a d m i n i s t e r e d  by di f ferent  methods .  In the f i r s t  case  h i s t amine  was 
given by subcutaneous in jec t ions  30 min before  subsequent  decapi ta t ion  of the an imals  and r emova l  of the i r  
g a s t r i c  mucosa ;  in the second case  h i s t amine  in d i f ferent  concent ra t ions  was added d i r ec t l y  to the incubation 
medium,  and incubation a lso  continued for  30 min.  The e xpe r i m e n t a l  r e s u l t s  (Fig. 1) showed that  h i s tamine  
has no uncoupling act ion in v i t ro .  The i n c r e a s e d  02 demand in the p r e s e n c e  of h i s t amine  in a concent ra t ion  of 
1 . 1 0  -5 M was negl ig ib le  and the i n c r e a s e  in the r a t io  of r e s p i r a t i o n  with a h igher  concent ra t ion  (1 �9 10 -4 M) was 
not s t a t i s t i c a l l y  s ignif icant .  Converse ly ,  a f te r  subcutaneous inject ion of h i s t amine  m a r k e d  in tens i f ica t ion  of 
mi tochondr ia l  r e s p i r a t i o n  c o r r e l a t i n g  with the s ize  of the dose of h i s t amine  was observed .  These  r e s u l t s  
p rove  the ind i r ec t  c h a r a c t e r  of the uncoupling act ion of h i s t amine ,  through i t s  effect  on the adenyla te  c y c l a s e -  
cyc l ic  AMP s y s t e m  of the p a r i e t a l  c e l l s .  Accord ing  to the w r i t e r s '  views [4] on the mechan i sm of act ion of 
h i s t amine  on g a s t r i c  s ec re t i on ,  the s t imula t ion  of l i po lys i s  by cycl ic  AMP leads  to a r ap id  i n c r e a s e  in the con- 
cen t ra t ion  of fatty ac ids ,  highly impor t an t  me tabo l i c  s u b s t r a t e s  and, at the same t ime ,  r e gu l a t o r s  of the degree  
of energy  coupling of mi tochondr ia l  oxidation r eac t ions  [9, 14]. In turn,  the study of the c o r r e l a t i o n  between 
oxidat ion and phosphory la t ion  in the g a s t r i c  mucosa  dur ing h i s t a m i n e - s t i m u l a t e d  acid  fo rmat ion  (Fig.  2) showed 
that  ac t ive  HC1 product ion  is  p r e c e d e d  by a m a r k e d  i n c r e a s e  in the in tens i ty  of mi tochondr ia l  r e s p i r a t i o n  a s s o -  
c ia tedwi th  a d e c r e a s e  in the degree  of i ts  coupling, c h a r a c t e r i z e d  by a m a r k e d  d e c r e a s e  in the P/O ra t io .  

The m a t e r i a l  d e s c r i b e d  above conf i rms  the views [1, 2] on t r ans i t i on  of the mi toehondr ia  of the p a r i e t a l  
ce l l s  dur ing act ive HC1 sec re t i on  to a r e g i m e  of p redominan t ly  f r ee  oxidation.  The mechan i sm of th is  t r a n s i -  
t ion is  based  on the c rea t ion  of a d i r ec t iona l  flow of e l ec t rons  over  the outer  nonphosphoryla t ing m e m b r a n e  of 
the mi tochondr ia .  The connecting l ink in this  case  is  evident ly  ey tochrome c, the outflow of which into the 
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Fig. 2. Ratio between oxidation and phosphorylat ion in mitochondria  
of gas t r ic  mucosa  under  conditions of basal  and h i s tamine-s t imu-  
lated (0.04 mg/kg)  HC1 secre t ion .  Abscissa ,  t ime (in min); ordinate ,  
changes in indices studied (in % of initial level). Curves:  1) phos-  
phorylat ion coefficient  (P/O); 2) ra te  of O 2 uti l ization (Vt); 3) s tate  of 
ac id-producing function (HC1). 

in te rmembranous  space de te rmines  the direct ion of movement  of the e lec t rons  and is due to the action of fac-  
to rs  increas ing  permeabi l i ty  of the inner  mitochondrial  membrane  (thyroxine and its acet ic  acid analogues, un- 
sa tura ted  fatty acids).  In the course  of subsequent contact  between the outer  mitochondrial  membrane  and the 
cytoplasmic membrane  the energy of e lec t ron  t ranspor t  is ut i l ized d i rec t ly  for  t ranslocat ion of H + ions through 
the cell  membrane .  
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